Synthetic Sacks as Reinforced Fibers in the Thermosetting Composites by Raghad O. Abass et al.
Al-Khwarizmi
Engineering!!!
Journal
Al-Khwarizmi Engineering Journal,  Vol. 6, No. 1, PP 48 - 56 (2010)
Synthetic Sacks as Reinforced Fibers in the Thermosetting 
Composites
Mukheled A. Hussien*      Falak O. Abass**      Raghad O. Abass***
*, ** Environmental Research Center /University of Technology
* Email: mukheled@yahoo.com
     ***  Department of Material Engineering /University of Technology
(Received 19 May 2009: accepted 23 November 2009)
Abstract 
This  study  was  carried  out to  investigate the  preparation  of  thermosetting  polymeric blend  consisting  of  three 
adhesive types, namely: epoxy, polyvinyl formal (PVF) and unsaturated polyester. Both of epoxy and PVF were used as
a matrix-binder at fixed weight. Whilst unsaturated polyester was used at different weights and added to the matrix so 
as  to produce  prepared  epoxy-PVF-unsaturated  polyester blend.  Several  experiments  were  performed at  different 
operating conditions, mixing speed and time at room temperature to identify the most favorable operating conditions. 
The optimum mixing speed and mixing time for the prepared blend were 500rpm and 5 minutes respectively.
Solid wastes-synthetic  sack  fibers  from  high  volume,  low  cost,  renewable  fiber  sources  have  been  used  as 
environmentally friendly  alternatives to reinforcing fibers in composites. Many mechanical and  thermal  tests were 
carried out of the prepared blend at different weighted ratios. The optimum weighted ratio of the prepared blend for the 
untreated samples was characterized by the hardness and bending deflection properties and it was 0.40w/w, while for
impact strength and thermal conductivity properties was 0.20w/w respectively. At these optimum weighted ratios of
untreated samples with sack fibers, the maximum values of hardness and impact strength properties were 95 shore and 
2.25J/cm
2 respectively. On the other hand, the minimum bending deflection and thermal conductivity properties values 
were  found  to  be  4mm and  0.01094W/cm.
oC respectively. They showed  the  best  bonding  forces  and  physical 
interaction between two concentrations of matrix and unsaturated polyester adhesives.
Treated samples of sack fibers reinforced composites at their optimum weighted ratio showed better fiber-matrix 
interaction as observed from the experimental results leading to enhance and improve the mechanical (hardness, impact 
strength, and bending deflection) and thermal (thermal conductivity) properties when compared to the untreated sample. 
These improvements in treated samples with two layers of sack fibers were predominant.
Keywords: Epoxy, polyvinyl formal, unsaturated polyester, sack fibers and thermo-mechanical properties.
1. Introduction
Composites are materials that comprise strong 
load  carrying  material, known as  reinforcement,
imbedded  in  weaker  material, known  as  matrix. 
Reinforcement  provides  strength  and  rigidity, 
helping to support structural load. The matrix or 
binder, organic  or  inorganic, maintains  the 
position and orientation of the reinforcement [1]. 
In polymer composites, the binder material is a 
polymer.  The  binder,  or  matrix,  surrounds  the 
reinforcing  elements  which  may  be  plates, 
particles or fibers and which are usually added to 
improve mechanical properties such as stiffness, 
strength and toughness of the matrix material [2, 
3].
Thermoset  is  a  hard  and  stiff  crosslinked 
material that does not soften or become moldable 
when heated. Several types of polymers have been
used as matrices for natural fiber composites [4]. 
Common thermosetting polymer resins are of high 
performance  in  composites  which  are  epoxy, 
unsaturated  polyester,  vinyl  ester,  and  phenolic 
[5]. Unsaturated polyester is extremely versatile in 
properties and applications and has been a popular 
thermoset  used  as  the  polymer  matrix  in 
composites. It is widely produced industrially as it 
possesses many  advantages  compared  to  other Mukheled A. Hussien!!                           Al-Khwarizmi Engineering Journal, Vol.6, No.1, PP 48 -56 (2010)
49
thermosetting resins including room temperature 
cure  capability,  good  mechanical  properties  and 
transparency [6]. 
The reinforcement of polyesters with fibers has 
been  widely  reported.  Some  of  the  promising 
systems are polyester-sisal [7], polyester-coir [8], 
polyester-straw  [9]  and  polyester-cotton-kapok 
[10].
The mechanical properties of a natural fiber-
reinforced composite depend on many parameters, 
such as fiber strength, modulus, fiber length and 
orientation,  in  addition  to  the  fiber-matrix 
interfacial  bond  strength.  A  strong  fiber-matrix 
interface  bond  is  critical  for  high  mechanical 
properties of composites. A good interfacial bond 
is  required for  effective stress transfer from  the 
matrix to the fiber whereby maximum utilization 
of the fiber strength in the composite is achieved 
[11].
The  composite  properties  were  greatly 
influenced  by  the  technique  as  well  as  the 
processing  method  used.  Processing  produces  a 
great variation on the dimension and dispersion of 
the fiber within the composite. Understanding the 
relationship between processing and the properties 
of the composites is important to obtain materials 
with  optimized  performance  [12].  Similar 
observation was found by George et al. [13] who 
noticed  that factors  like  processing 
conditions/techniques  have  significant  influence 
on the mechanical properties  of  fiber reinforced 
composites.
Detailed studies have been done on the impact 
resistance  of  short  fiber  reinforced  composites 
[14,  15,  16].  They  showed  that  the  impact 
resistance of  fiber-reinforced composite depends 
on fiber rigidity, interfacial stress resistance and 
fiber aspect ratio. The strength of the matrix, the 
weakest part of the material, should be related to 
the failure process. The involvement of fibers in 
the failure  process  is related to  their  interaction 
with the crack formation in the matrix and their 
stress  transferring  capability.  The  total  energy 
dissipated  in  the  composite  before  final  failure 
occurs is a measure of its impact resistance. The 
total energy absorbed by the composite is the sum 
of energy consumed during  plastic deformation  
and the energy needed for creating new surfaces.
Nielsen  [17]  observed that  fibers  have  a 
significant  effect  on the impact resistance 
through the  principle  of  stress transfer. When 
an   impact load is applied perpendicular to the 
reinforcing  fibers, good  fiber-matrix  adhesion  is 
required  for  an  even  moderate  impact  strength.  
Impact  resistance  is  the  ability  of  a  material  to 
resist breaking under a shock loading or the ability 
to  resist  fracture  under  stress  applied  at  high 
speed. 
Shah [18] showed that the impact properties of 
the polymeric materials are directly related to the
overall  toughness  of  the  material.  Toughness  is 
defined  as  the  ability  of  the  polymer  to  absorb 
applied energy. 
Rajulu  et  al.  [19]  investigated  the  effect  of 
untreated and treated bamboo fibers coating with 
epoxy, unsaturated polyester and their blends on 
the  mechanical  property  (tensile strength).  They 
found  that  the  blend  coated  fibers  had  higher 
tensile  strength.  This  was  attributed  to  the 
hydrogen  bonding  between  the  unsaturated 
polyester  and  epoxies  group.  Another  study 
carried  out  by  Rajulu  et  al.  [20]  studied  the 
chemical resistance and tensile strength properties 
of  epoxy/polycarbonate  blend  coated  bamboo 
fibers  and  suggested  that  these  are  favorable 
materials for making the composites. 
Park  et  al.  [21]  observed  an  increase  in  the 
physical properties when 5% of the weight of the
unsaturated polyester was used in the epoxy and 
unsaturated polyester blend. 
Similarly  Harani  et  al.  [22]  have  used 
unsaturated  polyester  for  toughening  the  epoxy 
resin.
The  aim  of the present  work  is  to  find  the 
optimum weighted ratio of prepared blend in the 
weighted  formula  [polyester/(epoxy+PVF)]  as 
(w/w) by using thermo-mechanical properties as 
well as to ascertain whether or not the three types 
of  thermosetting-sack  system  can  be  effectively 
employed for making the composites.
2. Experimental Work
Materials 
Three  different    types of chemical
adhesives: epoxy,  polyvinyl  formal  (PVF)  and 
unsaturated  polyester  with technical 
specifications  shown    in  table  1  as  well  as 
synthetic sacks fibers that are used in the storage 
of  sugar,  rice  and  flour  were  applied  as  a 
reinforced composite material in this work.
Methods
Preparation  of  Reinforced 
Composite Material 
Sack  fibers  were  first  cleaned,  washed  
thoroughly with tap water and left in the open air 
until dryness. The dried sack fibers of one layer 
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width of 15mm,  a  length  of  170mm  and  a 
thickness of 0.5mm to be used for the bending and
impact tests, and to the circular cross-section with 
diameter (30mm) and thickness 0.5mm to be used 
for the hardness and thermal conductivity tests.
Table 1,
Technical  Specifications  of  Epoxy,  PVF  and 
Unsaturated Polyester Resin
Epoxy Resin Polyvinyl Formal  
(PVF) Resin
Compressive strength:
> 72 N/mm
2 @7 days 
@20
oC
BS 6319
Formaver 15/95E free 
Flexural strength:
> 60 N/mm
2 @35
oC
BS 6319
Flowing powder, BDH
Tensile strength: 
> 25 N/mm
2
BS 6319
M.W. 24000 to 40000
Pot life:  
85 minutes @20
oC
PVF 82%
Specific gravity:  1.04 PVOH 5 to 6%
Viscosity:
1.0 poise @35
oC
PVAC 9.5-13%
Min. application 
temperature: 5
oC
Viscosity in 15% 
solution 60/40 
toluene/ethanol at 25
oC: 
3000 to 4500cp
Unsaturated Polyester Resin
Appearance: Transparence
Styrene wt%:32%
Viscosity at 25
oC: 1000 cp
Specific gravity: 1.15
Gelatinization time: 6 min.
Preparation of the Blend
A) Preparation of Epoxy Blend
Fixed weight of epoxy resin (17.5g) was added 
to a fixed quantity of hardener (5.8g) and agitated 
at  constant mixing  speed  (500rpm)  using  a 
stirrer (Labinco BV, model L-81, Netherland), for 
a constant period of mixing time (15 minutes) at 
room temperature.
B) Preparation of PVF Blend
Fixed weight of PVF resin (0.1g) in the form 
of  solid  phase  (powder)  was  added  to  a  fixed 
quantity  of  solvent  (2.3g) and  agitated for  fully 
dissolving  the  PVF  material  at  constant  mixing 
speed  and  time  (700rpm, 15  minutes)  using the 
same stirrer at room temperature.
C) Preparation of  Unsaturated  Polyester 
Blend  
Different  weights  of  unsaturated  polyester 
varied from (5 to 25g) with its varied quantities of 
hardeness from  (0.1  to  0.5g)  and  agitated  at 
constant  mixing  speed  and  time  (500rpm,  15 
minutes)  using  the  same  stirrer  at  room 
temperature.
  
D) Preparation  of  (epoxy-PVF-Unsaturated   
polyester) blend
All  blends  of  epoxy,  PVF  and  unsaturated 
polyester  were  put  together  and  agitated 
thoroughly at constant mixing speed and mixing 
time (500rpm and 5 minutes) respectively at room 
temperature and divided into two portions.
These portions were directly put in moulds of 
tests and designated as untreated samples-without 
sack fibers (W.S.). Treated samples of sack fibers 
for one and two layers are designated as (O.S.), 
(T.S.) respectively and were put in tests moulds 
and coated until saturated with the prepared blend.
All      prepared      samples    (untreated  and 
treated) were left in the open air for one day at 
room  temperature  before  conducting the 
laboratory tests.
Note  that  epoxy-PVF-unsaturated  polyester 
blend  is  designated  as  a  prepared  blend  in  the 
weighted  formula  (polyester/(epoxy+PVF))  as 
(w/w) and it is at zero weight of polyester blend;
i.e.  (epoxy+PVF)  blend  is  only  designated  as 
standard  ratio  (0w/w)  of  prepared  blend  in  the 
experiments.
3. Methodology
Experiments  were  performed  to  characterize 
the  thermo-mechanical  properties  of  the 
thermosetting  polymeric  composites.  The 
untreated  and  treated  samples  of  the  prepared 
blend were loaded into the instruments so as to 
investigate the mechanical and thermal tests.  The 
impact  strength  was determined using  charpy 
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pendulum,  time  group,  2007,  Inc., USA).  The 
bending  deflection  was  determined  by  using 
PHYWE  instrument  (three  point  bending  tester 
according  to  ASTM  D790).  While  the  hardness 
property  was  determined  by  using  W  Lestor 
Amsler,  Harkeprufer,  DIN  53505,  ISO  R868,
Shore  D).  On  the  other  hand,  the  thermal 
conductivity test of prepared blend was achieved 
by  using  Lee's  disk  instrument  (Kocyigit 
Electronic, DC 0-30 volt, 6 Amperes; UK). The 
thermal conductivity for the treated and untreated 
samples  was  calculated  by  using  the  following 
equations:
e = P/ r[r(T1+T3) + 2(d1T1+0.5ds(T1+T2) +
d2T2+ d3T3]
K = e ds [T1 + 2T1 (d1 + 0.5ds)/r  + T2ds/r] /
(T2 – T1)
Where
e = loss in heat per unit area in (W/cm
2.
oC)
P = supplied power in (W)
r = radius of disk in (cm)
d1, d2, d3 = thickness of disks in (cm)
ds = thickness of specimen in (cm)
T1, T2, T3 = measured temperatures of disks no. 1,
                  2, and 3 in (
oC)
K = thermal conductivity in (W/cm.
oC)
4. Results and Discussion
Investigation  of  the  Optimum 
Weighted Ratio of  Prepared Blend 
Mechanical and thermal tests were carried out 
at different  weighted ratios (0, 0.20,  0.40, 0.60, 
0.79 and 0.99w/w) of prepared blend for untreated 
samples-without sack fibers (W.S.) to investigate 
the  optimum  weighted  ratio  of  (epoxy-PVF-
unsaturated polyester) blend.
4.1.1. Mechanical Tests
A) Hardness Test
The  effect  of  untreated  samples  at  different 
weighted  ratios  of  prepared  blend  on  the 
mechanical property, hardness in shore is shown 
in  figure  1.  It  seems  clearly  that  the  values  of 
hardness property of untreated samples increased 
from 66 to 95 shore with increasing the ratios of 
prepared blend from 0 to 0.40w/w and decreased 
to 78 shore at 0.99w/w. This behavior is due to the 
increase  in  the  ratios  of  prepared  blend  from 
standard  ratio  (0w/w)  to  0.40w/w  which  was 
associated with an increase in the concentration of 
unsaturated polyester blend that has been a good 
mechanical  properties  [6]  to  reach  the  strong 
chemical interaction  and  maximum  bonding 
forces  between  two  concentrations  of  matrix-
binder  (epoxy and PVF blends) and unsaturated 
polyester  blend  at  0.40w/w  that  represented  the 
ability to absorb the applied energy [18]. Similar 
observation was found by Harani et al. [22] who 
used  unsaturated  polyester for  toughening  the 
epoxy resin. On the other hand, it can be clearly 
seen  from  figure  1  that  the  maximum  hardness 
value  of  untreated  sample  occurred  at  0.40w/w 
that is designated as the optimum weighted ratio 
for hardness test.
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Fig.1. Effect  of  Untreated  Samples  at  Different 
Weighted  Ratios  of  Prepared  Blend  on  the 
Hardness   Property.
B) Impact Strength Test
Figure 2 shows the effect of untreated samples 
on  the  impact  strength  property  in  J/cm
2 at 
different weighted ratios of prepared blend. It is 
clear to note that the maximum impact  strength 
value  of  untreated  sample  occurred  at  the 
weighted ratio of prepared blend of 0.20w/w. This 
ratio  showed  a  better  chemical  interaction  and 
maximum  bonding  forces  between  the  epoxide 
group  of  the  matrix-binder  and unsaturated 
polyester  blend  for  the  three  thermosetting 
adhesives [2, 3]. On the other hand, the addition 
of  unsaturated  polyester  to  matrix  blend  led  to 
increase the strength of matrix and overall impact 
properties  of  prepared  blend  [18].The  weighted 
ratio  at  0.20w/w  is  designated  as the optimum 
weighted ratio for impact strength test.Mukheled A. Hussien!!                           Al-Khwarizmi Engineering Journal, Vol.6, No.1, PP 48 -56 (2010)
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Fig.2. Effect  of  Untreated  Samples  at  Different 
Weighted Ratios of Prepared Blend on the Impact 
Strength Property.
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Fig.3. Effect  of  Untreated  Samples  at  Different 
Weighted Ratios of Prepared Blend on the Bending 
Deflection Property.
C) Bending Deflection Test 
The  effect  of  untreated  samples  on  the 
mechanical property, bending deflection in mm, at 
different  weighted  ratios  of  prepared  blend  is 
shown in figure 3. It seems clearly that the values 
of  bending  deflection  property  of  untreated 
sample decreased from 19 to 4mm with increasing 
the ratios of prepared blend from standard ratio to 
0.40w/w  and  increased  to  6mm  at 0.99w/w.  It 
seems that the ratio of prepared blend at 0.40w/w 
showed  a  better  resistance  and  lower  bending 
distortion  values.  This  can  be  related  to  the 
hydrogen  bonding  between  three  thermosetting 
polymeric  adhesives  of  blends  which  promotes 
close packing at molecular level [19]. The results 
provided evidence  that  the  prepared  blend  at 
0.40w/w reached to the optimum weighted ratio 
for bending deflection test.
D) Thermal Test
Figure 4 shows the effect of untreated samples 
at different weighed ratios of prepared blend on 
the thermal conductivity property in W/cm.
oC. It 
seems  clearly  that  the  maximum  value  of  the 
thermal conductivity of prepared blend occurred 
at  the  weighted  ratio  of  0w/w; i.e.  the standard 
ratio  of  prepared  blend.  The minimum value of 
the  thermal  conductivity  of  prepared  blend 
correspond to the weighted ratio of 0.20w/w. On 
the other hand, experimental results showed that 
the  thermal  conductivity  of  prepared  blend  at 
different  weighted  ratios  is  smaller  than  that  of 
standard  weighted  ratio.  This  is  due  to  thermal 
resistance  of  unsaturated polyester  adhesive that 
led  to increase  the  overall  thermal resistance  of 
the  prepared  blend  [6].    The  prepared  blend  at 
0.20w/w is designated as the optimum weighted 
ratio for thermal conductivity test.
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Fig.4. Effect  of  Untreated  Samples  at  Different 
Weighted Ratios of Prepared Blend on the Thermal 
Conductivity Property.
Investigation  of  the  Reinforced 
Composite Material
4.2.1.  Mechanical Tests 
A) Hardness Test
Table 2 shows the effect of untreated (W.S.) 
and treated samples with sack fibers (O.S., T.S.) 
on the hardness property at standard and optimum 
weighted  ratios  of  prepared  blend. At  the 
standard weighted ratio, the percentage values of 
hardness  for  treated  sample  with  sack  fibers 
increased by 16 and 22% respectively compared Mukheled A. Hussien!!                           Al-Khwarizmi Engineering Journal, Vol.6, No.1, PP 48 -56 (2010)
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to that of untreated sample. While at the optimum 
weighted  ratio,  they  increased  by  29  and  41% 
respectively.
On the whole, it  is observed that the treated
sample with sack fibers at standard and optimum 
weighted ratios of prepared blend showed a better 
mechanical strength of the composite material and 
a better physical interaction with prepared blend. 
This result is in agreement with that reported by 
Nielsen  [11] who  attributed  that  to  the  strong 
fiber-matrix  interface  bond  for  giving  high 
mechanical properties.
Table 2,
Effect  of  Untreated  and  Treated  Sample  on  the 
Hardness  Property  at  Standard  and  Optimum 
Weighted Ratios of Prepared Blend.
Weighted Ratios
of Prepared
Blend (w/w)
Percentage increase of hardness 
in (shore) for treated samples
O.S.% T.S.%
Standard (0) 16 22
Optimum (٠.20) 29 41
B) Impact Strength Test
Table 3 shows the effect of untreated (W.S.) 
and treated samples with sack fibers (O.S., T.S.) 
on  the  impact  strength  property  at  the  standard 
and optimum weighted ratios of prepared blend.
Table 3,
Effect  of  Untreated  and  Treated  Sample  on  the 
Impact  Strength  Property  at  Standard  and 
Optimum Weighted Ratios of Prepared Blend.
Weighted Ratios
of Prepared
Blend (w/w)
Percentage increase of impact 
strength in (J/cm
2) for treated 
samples
O.S.% T.S.%
Standard (0) 9 13
Optimum (٠.40) 16 26
Compared  to  untreated  samples,  the  impact 
strength percentage values of treated samples with 
sack  fibers  for  one  layer  (O.S.)  and  two  layers
(T.S.)  increased  by  9  and  13%  respectively  for 
standard ratio. Whilst, they increased by 16 and 
26% respectively for the optimum weighted ratio. 
Treated samples of sack fibers with two layers 
(T.S.) showed better fiber reinforced composites 
as observed from table 3. This can be attributed to 
the  strong  physical  interaction between  the 
prepared  blend  of  thermosetting  and  reinforced 
composite  fibers  that  led  to  increase  in  the 
strength  and  toughness  between  them  [14].  The 
sack  fibers  with  two  layers  (T.S.)  effect  on  the 
impact  strength  property  was  predominant. 
Mechanical  properties  of  a  fiber-reinforced 
composite  depend  on  many parameters,  such  as 
fiber  strength,  modulus,  fiber  length  and 
orientation,  in  addition  to  the  fiber-matrix 
interfacial bond strength [11].
C) Bending Deflection Test 
Table 4 shows the effect of untreated (W.S.) 
and treated samples with sack fibers (O.S., T.S.)  
at  standard  and  optimum  weighted  ratio  of 
prepared blend on the bending deflection in mm. 
The percentage values  of  bending deflection  for 
treated  sample  with  sack  at  standard  weighted 
ratio were improved by 16 and 25% respectively 
compared to that of untreated sample. While at the 
optimum  ratio,  they  improved  by  29  and  41% 
respectively.
On  the  other  hand,  the  treated  sample  with 
sack fibers led to enhance the bending deflection 
property of the treated sample for both standard 
and optimum weighted ratios. This is due to the 
excellent  mechanical  strength  of  the  prepared 
blend  and  reinforced  composite  material.  These 
findings are in agreement with those reported by 
Karnani et  al  [11]  who  showed  that  the 
mechanical properties of a natural fiber-reinforced 
composite depend on the fiber-matrix interfacial 
bond  strength.  A  strong  fiber-matrix  interface 
bond is critical for high mechanical properties of 
composites. Rajulu et al. [16] found that the blend 
(epoxy and polyester) coated fibers (bamboo) had 
higher mechanical properties. They attributed that 
to the hydrogen bonding between the unsaturated 
polyester and epoxies group.
Table 4,
Effect  of  Untreated  and  Treated  Sample  on  the 
Bending  Defection  at  Standard  and  Optimum 
Weighted Ratios of Prepared Blend.
Weighted Ratios
of Prepared
Blend (w/w)
Percentage increase of bending 
deflection (mm) for treated 
samples
O.S.% T.S.%
Standard (0) 16 25
Optimum (٠.20) 29 41Mukheled A. Hussien!!                           Al-Khwarizmi Engineering Journal, Vol.6, No.1, PP 48 -56 (2010)
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D) Thermal Test
The  effect  of  untreated  and  treated  samples 
with  sack  fibers  on  the  thermal  conductivity 
property  in  W/cm.
oC at  standard  and  optimum 
weighted  ratios  of  prepared  blend  is  shown  in 
table 5.
It is clear to note that the thermal conductivity 
of  treated  samples  with  sack  fibers  have  lower 
percentage  values  and  improved  by  8  and  12% 
respectively  when  compared  to  those  of  the 
untreated  samples.  Whilst  at  the  optimum 
weighted  ratio,  they  improved  by  13  and  19% 
respectively  compared  to  that  of  the  untreated 
sample.
It is generally observed that the improvement 
of  thermal  conductivity  property  for  treated 
sample  with  two  layers  of  sack  fibers  was 
predominant due to the best thermal resistance of 
them.  This  depends  on  processing  conditions/
techniques  that  has  significant  influence  on  the 
mechanical  properties  of  fiber  reinforced 
composites [12, 13].
Table 5,
Effect  of  Untreated  and  Treated  Sample  on  the 
Thermal  Conductivity  at  Standard  and  Optimum 
Weighted Ratios of Prepared Blend.
Weighted Ratios
of Prepared
Blend (w/w)
Percentage increase of thermal 
conductivity (W/cm.
oC) for 
treated samples
O.S.% T.S.%
Standard (0) 8 12
Optimum (٠.40) 13 19
5. Conclusions
From the results presented, it can be concluded 
that:
1. The  optimum  mixing  speed  for  the 
preparation  of  epoxy,  unsaturated polyester 
and  prepared  blends  was  500rpm  while  for 
PVF blend was 700rpm. The optimum mixing 
time for all blends was 15 minutes; except for 
prepared blend, it was 5 minutes. 
2. The  optimum  weighted  ratio  of  prepared 
blend  for  hardness  and  bending  deflection 
properties  was  0.40w/w.  while  for  impact 
strength  and  thermal  conductivity  properties 
was 0.20w/w.
3. The maximum hardness and impact strength 
values  of  untreated  samples  occurred  at  the 
optimum  weighted  ratio  of  prepared  blend 
were  found to  be 95  shore and  2.25 J/cm
2
respectively. 
4. The minimum bending deflection and thermal 
conductivity  values  of  untreated  samples 
occurred  at  the  optimum  weighted  ratio  of 
prepared  blend  were  found  to  be  4mm  and 
0.01094 W/cm.
oC respectively.
5. Experimental  results  showed  that  treated 
samples with sack fibers led to enhance and 
improve  in  the  mechanical  and  thermal 
properties  when  compared  to  the  untreated 
sample. 
6. The  mechanical  and  thermal  properties  of 
composite  were  significantly  influenced  by 
the  techniques  used.  The  improvement  of 
treated samples with two layers (T.S.) of sack 
fibers  for  both  mechanical  and  thermal 
properties is predominant.
7. Sack  fibers  can  be  used  as  an  important 
source  of  fiber  for  composites  and  other 
industrial applications. 
8. The above observations clearly  indicate that 
the  prepared blend  of  thermosetting  (epoxy-
PVF-unsaturated  polyester)  blend  and  solid 
wastes-sack  fibers  may  be  recommended  as 
favorable materials for making the composites 
of three types of thermosetting-synthetic sacks 
system  to  satisfy  both  economical  and 
ecological interests.
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 ﻲھو ةﺪﻠﺼﺘﻣ ﺔﯾﺮﻤﯿﻟﻮﺑ ﻖﺻاﻮﻟ ﺔﺛﻼﺛ ﻦﻣ نﻮﻜﺘﯾ ﺞﯾﺰﻣ ﺮﯿﻀﺤﺗ ﻦﻋ يﺮﺤﺘﻠﻟ ﺔﺳارﺪﻟا هﺬھ تﺬﻔُ ﻧ )  ﺮﯿﻏ ﺮﺘﺳا ﻲﻟﻮﺒﻟاو لﺎﻣرﻮﻓ ﻞﯿﻨﯿﻓ ﻲﻟﻮﺒﻟاو ﻲﺴﻛﻮﺒﯾﻻا
ﻊﺒﺸﻤﻟا  .(  ﻲﻘﺻﻻ ﻦﻣ ﻞﻛ ماﺪﺨﺘﺳُ ا ﻢﺗ ) لﺎﻣرﻮﻓ ﻞﯿﻨﯿﻓ ﻲﻟﻮﺒﻟاو ﻲﺴﻛﻮﺒﯾﻻا  ( ازوأ ﺪﻨﻋ ﻂﺑاﺮﻛ  نازوأ ﺪﻨﻋ ﻊﺒﺸﻤﻟا ﺮﯿﻏ ﺮﺘﺳا ﻲﻟﻮﺒﻟا ﻖﺻﻻ مﺪﺨﺘﺳُ ا ﺎﻤﻨﯿﺑ ،ﺔﺘﺑﺎﺛ ن
 ﺮﻀﺤﻤﻟا ﺞﯾﺰﻤﻟا جﺎﺘﻧﻹ ﻂﺑاﺮﻟا ﻰﻟإ ﻒﯿﺿأو ﺔﻔﻠﺘﺨﻣ ) ﻊﺒﺸﻤﻟا ﺮﯿﻏ ﺮﺘﺳا ﻲﻟﻮﺒﻟاو لﺎﻣرﻮﻓ ﻞﯿﻨﯿﻓ ﻲﻟﻮﺒﻟاو ﻲﺴﻛﻮﺒﯾﻻا  .(  فوﺮﻇ ﺪﻨﻋ برﺎﺠﺘﻟا ﻦﻣ ﺔﻋﻮﻤﺠﻣ تﺬﻔُﻧ
 ﺔﻔﻠﺘﺨﻣ ﺔﯿﻠﯿﻐﺸﺗ ) ﻂﻠﺨﻟا ﻦﻣزو ﻂﻠﺨﻟا ﺔﻋﺮﺳ  ( ﻓﺮﻐﻟا ةراﺮﺣ ﺔﺟرد ﺪﻨﻋ ﺔﯿﻠﯿﻐﺸﺘﻟا فوﺮﻈﻟا ﻞﻀﻓأ ﺪﯾﺪﺤﺘﻟ ﺔ  . و ﺔﻋﺮﺳ ﻞﻀﻓأ تﺪﺟو ﺪﻗو  ﺞﯾﺰﻤﻠﻟ ﻂﻠﺧ ﻦﻣز
 ﺪﻨﻋ ﺮﻀﺤﻤﻟا 500rpm)   و ٥   ﻖﺋﺎﻗد  ( ﻲﻟاﻮﺘﻟا ﻰﻠﻋ .   
 ﺔﺒﻠﺼﻟا تﺎﯾﺎﻔﻨﻟا ماﺪﺨﺘﺳا ﻢﺗ ) ﺔﯿﺠﯿﺴﻨﻟا سﺎﯿﻛﻷأ فﺎﯿﻟأ  (  ﻢﯿﻋﺪﺘﻟا فﺎﯿﻟﻷ ﻞﯾﺪﺑو ﺔﺌﯿﺒﻠﻟ ﻖﯾﺪﺼﻛ فﺎﯿﻟﻸﻟ دﺪﺠﺘﻣ رﺪﺼﻣو ﺔﻔﻠﻜﻟا ﺔﻠﯿﻠﻗو ةﺮﯿﻓو تﺎﯿﻤﻜﺑ ةﺪﺟاﻮﺘﻤﻟا
 ﻲﻓ ﺔﺒﻛاﺮﺘﻤﻟا داﻮﻤﻟا  . ﺔﻔﻠﺘﺨﻣ ﮫﯿﻧزو ﺐﺴﻧ ﺪﻨﻋ ﺮﻀﺤﻤﻟا ﺞﯾﺰﻤﻠﻟ ﺔﯾراﺮﺤﻟاو ﺔﯿﻜﯿﻧﺎﻜﯿﻤﻟا تارﺎﺒﺘﺧﻻا ﻦﻣ ﺪﯾﺪﻌﻟا ﺖﯾﺮﺟأ  .  ﺞﯾﺰﻤﻠﻟ ﮫﯿﻧزو ﺔﺒﺴﻧ ﻞﻀﻓأ تدﺪُﺣ
 صاﻮﺧ ﻖﯾﺮﻃ ﻦﻋ ﺮﻀﺤﻤﻟا ) ءﺎﻨﺤﻧﻻا ﮫﯾﻮﺸﺗو ةدﻼﺼﻟا  (  تﺪﺟُو ﺪﻗو ،ﺔﻠﻣﺎﻌﻤﻟا ﺮﯿﻏ جذﺎﻤﻨﻠﻟ w/w) ٠.٤٠  .( تﺪﺟُو ﺎﻤﻨﯿﺑ    صاﻮﺨﻟ )  ﺔﯿﻠﺻﻮﻤﻟاو ﺔﻣﺪﺼﻟا ةﻮﻗ
ﺔﯾراﺮﺤﻟا  (  ﺪﻨﻋ (0.20w/w)  .  صاﻮﺨﻟ ﻢﯿﻗ ﻰﻠﻋأ تﺪﺟو ،ﺔﻠﻣﺎﻌﻤﻟا ﺮﯿﻏ جذﺎﻤﻨﻠﻟ ﺔﯿﻟﺎﺜﻤﻟا ﮫﯿﻧزﻮﻟا ﺐﺴﻨﻟا هﺬھ ﺪﻨﻋ ) ﺔﻣﺪﺼﻟا ةﻮﻗو ةدﻼﺼﻟا  (  ﺪﻨﻋ ﺮﻀﺤﻤﻟا ﺞﯾﺰﻤﻠﻟ
) 95shore   و (2.25J/cm
2   ﻲﻟاﻮﺘﻟا ﻰﻠﻋ  . ﺎﻤﻨﯿﺑ   تﺪﺟو    ﻢﯿﻗ ﻞﻗا  صاﻮﺨﻟ ) ﺔﯾراﺮﺤﻟا ﺔﯿﻠﺻﻮﻤﻟاو ءﺎﻨﺤﻧﻻا ﮫﯾﻮﺸﺗ  ( ﻨﻋ  ﺪ ) 4mm    و W/cm.
oC ٠.٠١٠٩٤ (    ﻰﻠﻋ
ﻲﻟاﻮﺘﻟا  .  ﻂﺑاﺮﻟا ﻲﻘﺻﻻ ﻦﯿﺑ ﻲﺋﺎﯾﺰﯿﻓ بذﺎﺠﺗو ﻂﺑاﺮﺗ ىﻮﻗ ﻞﻀﻓأ صاﻮﺨﻟا هﺬھ تﺮﮭﻇأ ) لﺎﻣرﻮﻓ ﻞﯿﻨﯿﻓ ﻲﻟﻮﺒﻟاو ﻲﺴﻛﻮﺒﯾﻻا  ( ﻊﺒﺸﻤﻟا ﺮﯿﻏ ﺮﺘﺳا ﻲﻟﻮﺒﻟاو .   
 ﻞﻀﻓأ ﺔﯿﻟﺎﺜﻤﻟا ﮫﯿﻧزﻮﻟا ﺎﮭﺒﺴﻧ ﺪﻨﻋ ﺔﯿﺠﯿﺴﻨﻟا سﺎﯿﻛﻷأ فﺎﯿﻟﺄﺑ ﺔﻠﻣﺎﻌﻤﻟا جذﺎﻤﻨﻠﻟ ﺔﯿﻠﻤﻌﻟا ﺞﺋﺎﺘﻨﻟا تﺮﮭﻇأ  ﻰﻟإ تدأ ﻲﺘﻟاو فﺎﯿﻟﻷاو ﻖﺻاﻮﻠﻟا ﻦﯿﺑ ﻂﺑاﺮﺗ ىﻮﻗ
 ﺔﯿﻜﯿﻧﺎﻜﯿﻤﻟا صاﻮﺨﻟا ﻦﯿﺴﺤﺗو ﺰﯾﺰﻌﺗ ) ﺔﻣﺪﺼﻟا ةﻮﻗو ةدﻼﺼﻟا   ءﺎﻨﺤﻧﻻا ﮫﯾﻮﺸﺗو  (  ﺔﯾراﺮﺤﻟاو ) ﺔﯾراﺮﺤﻟا ﺔﯿﻠﺻﻮﻤﻟا  ( ﺔﻠﻣﺎﻌﻤﻟا ﺮﯿﻏ جذﺎﻤﻨﻟا ﻊﻣ ﺔﻧرﺎﻘﻣ  .  هﺬھ
ا سﺎﯿﻛﻷأ فﺎﯿﻟأ ﻦﻣ ﻦﯿﺘﻘﺒﻃ ماﺪﺨﺘﺳﺎﺑ ﺔﺠﻟﺎﻌﻤﻟا جذﺎﻤﻨﻟا ﻰﻠﻋ تأﺮﻃ ﻲﺘﻟا تﺎﻨﯿﺴﺤﺘﻟا ةﺪﺋﺎﺴﻟا ﻲھ ﺖﻧﺎﻛ ﺔﯿﺠﯿﺴﻨﻟ .